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DETAILED ACTION 
Response to Amendment 

1 . This office action is in response to applicant's communication filed November 20, 
2006 in response to PTO office action mailed July 20, 2006. The applicant's remarks 
and the amendments to the claims were considered with the results that follow. 

2. In response to the last office action, claims 1 , 3-9 and 12-19 have been 
amended. No new claims have been added. No claims have been deleted. As a result, 
claims 1-20 remain pending in this application. 

3. The objections to drawings as well as the rejection of claims under 35 U.S.C. 

1 12, second paragraph have been withdrawn due to amendments filed on November 
20, 2006. 

Response to Arguments 

4. Applicant's arguments with respect to claims 1-20 have been considered but are 
moot in view of the new ground(s) of rejection. 

Claim Rejections - 35 USC § 103 

5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary sl^ill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 
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6. Claims 1-3, 5-20 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
McMahon et al. (US 5,784,699) (McMahon herein after) and further In view of Donahue 
et al. (Hardware Support for Fast and Bounded-Time Storage Allocation, March 22, 
2002) (Donahue herein after), [and Trainin et al. (US 2002/0144073 Al), Data 
Structures and Algorithms by John Morris (doc. 1) and Linked List Basics by Nick 
Parlante, introduced for evidentiary references (doc. 2)]. 

7. As per claim 1 , McMahon teaches: 

a data memory, which comprises a plurality of data blocks, each of which 
comprises a plurality of sub data, blocks having predetermined size (McMahon col. 2 
line 65 - col. 3 line 1 , where the slots are equivalent to plurality of data blocks in claim 
1), and when there is a request for allocating memory space of variable size, allocates 
memory space in units of any one of the sub data blocks and the data blocks (col. 3 
lines 9-12); 

a free list which manages a free memory space of the data memory as an entry 
of a plurality of entries (col. 3 lines 1-4). 

McMahon fails to teach use of pointers and registers. Donahue teaches tracking 
free lists using doubly-linked list using pointers and use of registers to store pointers 
(Donahue page 6, sec. 31. and sec. 3.2). Donahue explicitly failed to teach head and 
tail pointers but it is well known in the art that doubly-linked list inherently contains head 
and tail pointers (see doc.1 , page 2 and doc. 2, page 26, the advantage is scanning can 
be perfomned in any direction and nodes can be added or deleted to any location in the 
list). Donahue further teaches multiple free lists each having their respective size 
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(Donahue, fig. 10, and page 6, left col. Sec. 3.1, "the heap is segregated by size into 
lists for relevant powers of two" and "free blocks are maintained in a doubly-linked list"), 
thus Donahue teaches multiple head and tail location (each size represented with 
doubly-linked list) and since memory-allocation is performed by traversing particular list 
or by dividing higher size blocks (Donahue, page 4, right col. "Buddy System 
Allocation"), thus Donahue teaches first and second head location to allocate different 
size of data block. 

It would have been obvious to one having ordinary skill in the art at the time of 
the invention to use registers and pointers as taught by Donahue in the memory 
allocation system of McMahon to implement allocation in hardware for real time systems 
to improve system performance (see Donahue abstract). 

As per claim 2, Donahue teaches registers to store addresses, which inherently 
teaches address translation (see Donahue page 6, sec. 3.2 and fig. 1 1 on page 7). 

As per claim 3, McMahon teaches, the number of entries of the free list memory 
is the same as the number of entries of the data memory and the entries of the free list 
memory and the entries of the data memory have 1:1 corresponding relationship 
(McMahon col. 6 line 65 - col. 7 line 2, each free list has a mapping to each block that 
indicates the availability status of the block. Each block size has a free list making the 
mapping a bijection). 

As per claim 5, McMahon teaches, the data memory has a hierarchical structure, 
in which the data memory contains a plurality of data sub blocks each having memory 
space of n bytes when n is a power of 2 and i and j are positive integers (i<j) (McMahon 
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col. 2 line 66 - col. 3 line 1), and each data block comprises a plurality of sub data 
blocks each having a memory space of ^ -bytes and each sub data block comprises a 

plurality of sub data blocks each having a memory space of ^ -byte (McMahon col. 6 

- Table 1 row entries 1 and 2 teach block sizes of 16 bytes and 32 bytes, respectively, 
thus satisfying the structure of claim 5 limitations). (Donahue also teaches free lists with 
different size classes of relevant powers of two, see page 5, fig. 10 with different blocks 
and sub blocks having power of two, and page 6, sec. 3.1, satisfying the structure of 
claim 5 limitations). 

As per claims 6 and 7, McMahon and Donahue teaches, each entry forming the 
free list memory comprises: 

a plurality of bit masks each indicating whether or not sub data block is in use 
(McMahon col. 3 lines 4-6 and col. 6 line 65 - col. 7 line 2 and col. 7 lines 24-28 
collectively describe a bijective mapping between bit masks and sub data blocks 
indicating availability status, Donahue also teaches free lists with respective blocks and 
sub blocks maintained with doubly-linked list pointers and bits masks to indicate block is 
currently allocated or not, see Donahue sec. 3.1, page 6). As pointers indicating entries 
of next and previous blocks/sub blocks and updating of pointers relative to allocating 
and deallocating memory is an inherent feature of lists maintained with doubly-linked 
lists (claim 7) (Doc. 1 and Doc. 2 teaches how pointers are used in memory allocation). 

As per claim 8, McMahon teaches different size class of blocks with 
corresponding free lists and each list is capable of allocating memory according to 
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status of bit mask value and their respective sizes (McMahon col. 3 line 4-6, col. 5 lines 
32 - col. 6 line 40 and col. 6 line 65 - col. 7 line 2 and col. 7 lines 24-28, table on col. 6 
shows different size memory lists and each able to allocate their respective size 
memory requirement satisfying structure of claim 8, Donahue also teaches multiple free 
lists with sizes of power of two capable of allocating their respective size requests, see 
fig. 10 on page 5, and page 4, sec. 3). 

As per claim 9, the understanding of registers containing pointer pairs with 
respect to size classes of blocks and sub data blocks on specification page 6, line 18 - 
page 7 line 10 and fig.1 and fig. 2, states that each size class is tracked with their 
respective head and tail pointers (e.g. with respect fig. 1, 1HPFL and 1TPFL for size 

class of n -bytes, 2HPFL and 2TPFL for size class of ^ -bytes and 3HPFL and 3TPFL 

for size class of - -bytes. By dividing memory block of size n with power of two creates 
4 

two size classes, if four equal sized blocks are created than it creates 3 size classes 
and eight equal size creates 4 allocatable size classes and so on. The equation (1 + 
log2X) provides number of available size class with data block with equally sized sub 
data blocks, for example 256 -byte data block sub divided in four 64 -byte size creates 
3 size class of 256 -bytes, 128 -bytes and 64 -bytes, which requires 3 pointer pairs, 
similarly if block is divided in eight equal 32 -bytes sub block creates four size classes 
of 256 -bytes, 128 -bytes, 64 -bytes and 32 -bytes and hence requires 4 pointer pairs. 
Donahue teaches binary buddy allocation method and creating different size class of 
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sub blocks with their respective free list maintained with doubly-linked list (see fig. 10, 
page 5 and sec. 3.1 on page 6), thus Donahue inherently teaches limitations of claim 9. 

As per claims 10 and 1 1 , Donahue teaches allocating memory of size by 
searching the free list at index k and if size is available than allocates or divides 
blocks with size 2*^""^ into two 2*^ size blocks allocating one and adding other to free list of 
size 2^ (see Donahue page 4, col. 2. sec. 3, Buddy System Allocation). Thus Donahue 
satisfies limitations of claims 10 and 11. 

As per claims 12 and 13, Donahue teaches deallocation of sub blocks and 
combining the deallocated block with its buddy to coalescing into larger block (see 
Donahue page 4, col. 2, sec. Buddy system deallocation. For further explanation of 
Buddy system, Trainin teaches memory allocation and deallocation in Buddy systems. 
See paragraphs [0010]-[0014], the advantage is that a block being freed can be found 
by a simple address calculation, see Donahue page 4, col. 2, sec. Buddy system 
Deallocation, page 6, sec. 3.1 and Trainin paragraph [0013]). 

As per claims 14-16, Donahue teaches allocating memory request of size ^ - 

bytes .(or 2^^ as per Donahue) by searching its respective free list index at k, and 
allocates the block if it is free, if the respective size is not free than larger size of 2*^*^ 
divided into two 2*^ size blocks allocating one and adding other to free list of size ^ (see 
Donahue page 4, col. 2. sec. 3, Buddy System Allocation). It is inherent that block size 
smaller than requested size can not be allocated so as per limitation of step (a) of claim 
14, inherently requires allocating available next larger size and for limitation of step (b), 
Donahue teaches dividing larger block into two equal size and allocating one and 
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adding other to its respective free list (as explained on page 4 of Donahue). As per 
limitations of claims 15 and 16, since Donahue teaches managing free lists with doubly- 
linked list and free/busy bit, inherently requires setting of bit values and changing of 
head and tail pointers to their respective locations (see doc.1 , page 2 and doc. 2, page 
26, the advantage is scanning can be performed in any direction and nodes can be 
added or deleted to any location in the list. Doc.1 and doc. 2 also teaches managing 
respective pointers). Donahue further teaches multiple free lists each having their 
respective size (Donahue, fig. 10, page 6, left col. Sec. 3.1, "the heap is segregated by 
size into lists for relevant powers of two" and "free blocks are maintained in a doubly- 
linked list"), thus Donahue teaches multiple head and tail location (each size 
represented with doubly-linked list) and since memory-allocation is performed by 
traversing particular list or by dividing higher size blocks (Donahue, page 4, right col. 
"Buddy System Allocation"), thus Donahue teaches first and second head location to 
allocate different size of data block. 

As per claims 17-19, Donahue teaches deallocating respective memory sizes 
and combining with their respective buddies (neighboring block as in present 
application) to coalescing into larger block (see Donahue page 4, Buddy system 
deallocation also on page 6, sec 3.1 paragraph 7). Similarly updating of free/used flag 
and pointers are inherent features as explained above. Donahue further teaches 
multiple free lists each having their respective size (Donahue, fig. 10, page 6, left col. 
Sec. 3.1, "the heap is segregated by size into lists for relevant powers of two" and "free 
blocks are maintained in a doubly-linked list"), thus Donahue teaches multiple head and 
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tail location (each size represented with doubly-linked list) and since memory-allocation 
is performed by traversing particular list or by dividing higher size blocks (Donahue, 
page 4, right col. "Buddy System Allocation"), thus Donahue teaches first and second 
head location to allocate different size of data block. 

As per claim 20, McMahon teaches implementing allocation algorithm as a 
program product (See McMahon col. 16 lines 12-30). 

Claim Rejections - 35 USC § 103 

8. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

9. Claim 4 is rejected under 35 U.S.C. 103(a) as being unpatentable over McMahon 
et al. (US 5,784,699) (McMahon herein after) and Donahue et al. (Hardware Support for 
Fast and Bounded-Time Storage Allocation, March 22, 2002) (Donahue herein after) as 
applied to claims 1-3 above and further in view of Murdocca et al. (Principles of 
Computer Architecture). 

As per claim 4, McMahon and Donahue explicitly fail to teach calculating and 
address value. But as explained by Murdocca that memory is divided into pages with 
page frame numbers (see page 270, fig. 7-21). It can be seen that starting address of 
each page frame (entry) is calculated by "page frame (entry) number x page size (block 
size) + starting address of the memory". For example starting address of page frame 2 
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can be calculated by 2 x 1024 + 0 = 2048. It would have been obvious to one having 
ordinary skill in the art at the time of the invention would have calculated the starting 
address of each entry as evident from Murdocca in the system of McMahon and 
Donahue. 

Conclusion 

Applicant's amendment necessitated the new ground(s) of rejection presented in 
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 

CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the date of this final action. 

Any Inquiry concerning this communication or earlier communications from the 
examiner should be directed to Kaushikkumar Patel whose telephone number is 571- 
272-5536. The examiner can normally be reached on 8.00 am - 4.30 pm. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Hyung Sough can be reached on 571-272-6799. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 

Information, regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-91 99 (IN USA OR CANADA) or 571 -272-1 000. 
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